(19) 



Europaisches^ralentamt 
European Patent Office 
Office europeen des brevets 




(12) 



EP 0 826 710 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication 

04.03.1998 Bulletin 1998/10 

(21) Application number 97306228.4 

(22) D^te of tiling 15.08.1997 



(51) mtci- C08G 63/00. C08G 63/84. 

C08F 20/04, C08F 22/02, 
D04H 1/64 



(84) Desicnatcc Contracting States 

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC 
NL PT SE 

Desicnatec Extension States 
AL LT LV RO SI 

(30) P ion y 21.08.1996 US 24283 P 

(71) Applicant ROHM AND HAAS COMPANY 

Philadelphia, Pennsylvania 19106-2399 (US) 



(72) Inventors 

• Arkens, Charles Thomas 
Hatfield. Pennsylvania 19440 (US) 

• Egold, Scott Lind 

Lansdale. Pennsylvania 19446 (US) 

(74) Representative Buckley. Guy Julian et al 
ROHM AND HAAS (UK) LTD, 
European Operations Patent Department 
Lennig House 
2 Mason's Avenue 
Croydon CR9 3NB (GB) 



(54) A formaldehyde-free accelerated cure aqueous composition for bonding glass fiber-heat 
resistant nonwovens 



(57) A formaldehyde-free curable iqueous compo- 
sition comprising 

(a) a polyacid comprising at least two ca-boxyhc ac 
id groups, anhydride g^ojps or sa ts of tne polyac d 
thereof 

(b) an active hydrogen comoound containing at 
least two act ve hydrogen groups selected Pom the 
group consisting of hyd'oxyl primary amiro sec- 
ondary amino and mixtures thereof and 



!C) a fiuoroborate accelerator wherein the ratio of 
the number o : equivalents of said carboxyhc acic 
groups anhydride groups or salts thereof to the 
number of equivalents of sad hycroxy! grojps is 
from 1/0 01 to about 1*3. and wherein sa d carbcx- 
yiic acid grojps anhydride groups or sals thereof 
are neutralized to an extent of less than 35°n with a 
fixed base is disclosed A method for curing formal- 
dehyde-free polyacds and a method for bonding 
glass fiber heat-resistart nonwovers w tr a formal- 
dehyde-free binder are further disc osed 
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Description 

~- 5 !\-: ,,! z-~ ' elates :r -i :.;fri^o , "'pc- <, c-c ' ..G'::c ito icco c- -:tej c. r acic -.^..oo-.s rcmocs: :° .a ,ir o'. 
■-' c it'C Z-^cr .•: 'c ex. *. f Oilmen: a ftp .i po yncic o f, cc cy ■: ::^c-'t r.icr cP"0cht o c r t^a ; n o , ; v c.ti tc 

CO f CO CJU' ^.Z\ Z' VtOr "C"' '.CVOr: 'nC C fOrrT-.-jl.on CC'-yr-Or^c C r "JOr -3 f'GClUOntiy C r 'OSS - ' r <\O0 by 'O.-iCt'O'^ 

'"r'--^ C0 n yO0 Or r-O-C-r-.q 'OS f, 5 T "0 r 0 -S Jj"O n ! Oq-Slnl:"^ .V" :m:tS f C r,v **-i dOhycO C-m:SS O^S aS 'AO 

cq s it cn ■\°c~ '"iv 'u'me' ' mit z ■ o =m '"<-t\e 'c nr, i oe n v- f - sessions T ^ o ' e is -t continuing ,v joa !c : z-' m-iid-c .~ > -c 
f'-^o r-.jfnblr iq..oouS c omnc =.itior =; 'T-rthoc^ '"or luinq pr v-nds a* v d methorm for honrimq qi^ss tmor hPHt-rosiS'am 

u S P-tent \c 5 273 54'^ a scicses a mo'*":c! of cross- r king cc:L.iosc w.th ph esphorous containing coss-hnK nq 
iqcnis T he Cat em 'urthci discloses a I st of catalysts which w acco'oiato '.ho cross- ink nq 'OriCtion The list of catalysts 
■nciudes m -i'0 c errc pnesenonc suifu-'C hyciocn one nctic arid ?kcr cbor c iC .as Metallic Salts of d~e aOds arc 
nlso disclosed J S Patent No 5 318 GG 0 discloses -. tib-ous glass bmaei conG ism • a polycnrDoxy pO'ymor a mcm 
ornonc tmydnc alcohol ana a pnosprcnous containing organic aaa ca^alvs: 

Co spite the a-sciosures tnere is aoommu rq need for forma'doh\de-free curao o aquocus compos:*., ens methods 
for curing pDlyne ds nnc met nods for ;re-itinq cjrsss tioer hcnt-rcs s>m nonwovons 

in a t rst -ispoct the present invent en provides a formaldehyde -'-co c urable aqueous composition ccrrpnsmq 

.di rj polynCiCJ comp- sir z at least 'wd carbc<ylic ncic q-c:ups amy dude gmups cr salts of the eoiyacid the-ec' 
!b» an active hydrogen :omoound comprising .it ieast "wo active hycroqen compounds selected from the group 
consisting of -in active hydrogen compound :onta nmq at oast two active hyd'ogen grcops selected from the grout 
consist ng of hydroxyl enmary amino secondary amine and mntures thereof ,-.nd 
id a duoroborate accelerator 

wherein the ratio o the rumoor of equivalents of said caroo*ylic acic ^ioucs annvdndo groups or salts tfcoof :o the 
number z-\ equivalents ct said act ve hydroger groups is frcm 10 01 to about 13 -i^d wherein said carboxylic hcic 
qiojps anhydride qiojp^ cr Is thceof ate < e-utiriized lei an extent of le^s tf un 35 J o by weight with a luod c-Hse 
In n second aspect the present ir mention provides a methoc for cunrg formdl dehydo- 4 ree polyacids ccmprising 

Mi forming a formaldehyde-free curable aqueous ccmpc sr. ion c : mpr smg admu ing 

: 1 i -i polyaeid ccmpr-smg at least two carboxyl c ac=d group ■. .infvy jnee groups or salts thereof 

:2) an -tn active nydrogon coripourd containing at Ic-ast twe -iCtive nydrogen groups seloctec from the group 

: .insisting of I" ydro <yl primary nminc socondary arniro and matures tneroot and 

< 3i a flucrobo-ato aeoelerator 

who'en^ "ho *atio of the •*umnor of oquivalon-ts cf s-nd e-irboxyli r-otd groups aenyande groups o r sa ts thereof 
to tee number ct equivalents of said acdve f" ydrogen groups is from 1 0 C 1 to about * 3 and wnerem said cartoxyhc 
acid ore-ups anhydride :rouos or =a!ts thencef are neutiali/ed to an ex'.ont of 'ess than 35" ( » with a fixed base anc 

•Z: hor:tmq said eurab c aqueous compos \- on at a temoo nature :f from 120 = C to -iO0 3 C 

In a thi d aspect the present inversion provides a method for trc-iting glass fiber heat-resistant nonwovens with a 
for maicehyde-free o\nz\c- comprisng 

\H) f:-rr-inq n fermalciehydo-free cjiable aqueous compeusit on c umprismg ridmi>: nq 

i "* i a poiyaeid eom:..rismg at leabt two drboxyl c acid group- anhydride groups or saits thereof 

\2) an an active nydrogen compound ccntainmg at least two active hydrogen groups seiectec from the group 

consisting cf l " ydrc <yl pr mar / ammo secondary ammo --md rni>tures thereof and 

■ 3 f lucroborate ^s:elei^*or 

•vvnoror ' n e aho of 'he --umbor of equivaierts of said ear boxy lie acid groups anhydride groups or sa ts thereof 
to tnc num:e r cf ecu va ents of said active hydrogen groups is from 1 0 0 1 tc --bout * 3 and woe rem said cartoxyhc 
ic.d jjrz-Lps a-nydnoe crouos or salts thorocf are nculr«aii/cd to an extent cf ess than 35".. with a t xed base anc 
a:, contacting said glass fiber heat msis'.ant nonweven with said formaideh/ce-f ree curable aqueous composition 
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ic, Healing said [oimadehyde-froo cuiablo aguoous ccmposilior -.1 a empoiatero cl rom 120' 3 to <dX''_; 

The fc.maldehyde-froe curaole ncuoous composition o' this invention is a substantially laermop astic o substan- 
tial- uncrosshnkod composition when it is applied to the substrate athoeqh ow levels of dchboiatc or adventitious 
crosslirnnq may bo present On heatmp the binder the bride- is dried aid cjrng s effected eithe sequentially or 
concurrently As used herein cunnq ,s defined as , structural or morphologic^ change which is sufficient to alter the 
prooortin' of a flexible porous substrate to which an ofective amount of polymeric binder his boor apenoa such 
for example covaiont chom cal reaction ionic interact on or cluster ng. improved adnesion to t-e s ubstn.te chase 
trunsfartnaucn or inversion tydrogen bonding ana the like 

By ><c rmaldehyde-frnn" ,s meant tnat the composition is substantially free Horn formaldeh /do and does not uhemto 
substantial formaldehyde as a result cl drying ard.c- curing TypicaHy less 'ban 1 par- cer million .cmalde-hy-Je eased 
on the aeicht of tne compost ion s present in a lorrna dehyde-ftee composition in orde, to mimmi/e the touT.aldchyde 
content oi tne waterbo.ne compos lion it is preferred when propping a polyme-ccntainimg 'ormaldenyde- ree curable 
aqueous composition to use po vrneiization ad.uncts s uch as for example initiators -educ ng agents cha n transfer 
agents bocides surfactants ana the ike which are themseves free from formaldehyde ao not gene-ate formaldehyde 
dur ngme polymerization process and do not generate or emit fcrmaldehyde during the treatmem of - eat-resistant 
nor W'~'V ^ns 

The torrraldehyde-frec :urai>ls iqueous :cmposuion contains a po'yacid The polyacia must be sufficiently non- 
vola.Mn sd -ha' it wil' substantially remain available for reaction with the pclyol in the composition during -mating anc 
cinnqci; orations When the polyac d is a compound w th a moleculai we ght less lean -oout " -00 ooanng at lead 
two carboxylic acid groups mhydiae gicups or salts thereof he pclyacic typically is • example cr.rc a:.C butar-e 
tr carboxylic acid and cyclototaro lc;racarbo>yl c ace When the polyacid is a polymeric p olyaeid. the eclyj-c d typical* 
,s tar -xampm a polyester contain r g at east two carboxylic acid croups and an addition polymer o. ol qomei containing 
at least twe copolymer zed carboxylic acid-functional monomers The polymeric polyacid is crefe-ably an addnon pol- 
ymer tormed from at least one ethy enically un saturated monomer -he addition polymer may be in the form of a solution 
c, . h e ad:hto" polymer m an aqueous medium sucn as tor example an aH-ah-solubie resin which has been solubihzed 
in a basic medium in the lorm cf a- aqueous discersicn such as for example an erruisicn-po yrnenzed dispersion, 
or in the form of an acuecus suspension "Aqueous" herein includes water anc mixtures cempesed substantially cl 
water and wateiariisobie solvents 

Ton add-tion polymer must contain at least two camoxylic acid groups anhydride groups o. salts the.eof Ethyl- 
emcatly jnsaturated carboxyl.c ices such as for example methacryHc acid, acrylic a:,d coton.c acid fumarc acd 
male,,- acid 2-methyl maleic acd r.aconic acid. 2-methyl .laconic acd ab-melhvlcne glulanc ac.a monoalkyl 
maleat-S and rronoalkyl -uma-ates slnylemcally ursaturatec anhydrides such as to- example maleic anhydnce 
itaconie annydndo ac-yhc anhydride and mcthacrylic anhyd, dc and s.its thcroo at a level of from .bout 1<m to 
-r-C°. by waght oasea on the wo ant of the addition poymer may be used Additions, othy.enca'ly .msaturatec 
monomer may include acryle este. monomers including metnyl acrylate ethyl acrylate butyl acryla'e 2-ethylhexy' 
acrvlate docvl aery .ate methyl methacrylate buty methacrylate isodecyl methacrylate r.ych: xyethyl acrylate hydrox- 
yethvl methacryiate and hydroxyp-opyl rnetnae rylate acrylamidn or substituted ac-yamides stymne or subsntutec 
sty.enos butadiene vinyl acetate ot other viny esters acrylomtrile or methacrylonit-ile anc 'he like 

The addition polymer contemns at least two carboxylic acid groups anhydride groups or salts thereof may ha/e 
a molecular weicht from about 300 to about 10 00C 0C0 Preferred s a molecular weigh: from about 1d00 to about 
05C ".CO When the addition p:iymo. is an aaali soluble resin having a carbcxylic acid a-hydride or salt thereof 
content cf horn about 5d, to about 30°o by weiqht eased on the- toal weiqht of the addil on poivmer a nrolecular weight 
from about 7 000 to about 100 000 is preferred higher molecular we ght alkali-soluble tos ns leading curaole com- 
positions which may exh-ttt excessive viscosity 

When -he addition polyme- is .n the form o ! an aqueous dispersion or an aqueous suspension aid low levels ol 
premo^shrving or gel content a-e dos-rcd low levels of multi-othylcnically ursaturatec monomers such -,s tor examp. e 
allyl methacrylate diallyl phthaiate 1 4-butyleno glycol dimethaciylato 1 6-hexanodicld ac.ylate and tne ike maybe- 
used at a level cf from about 0 Old. to about 5 V by weight based on the weight ol mo acrylic emulsion ccpoiyme- 

Wren tne acd.tion po yme, is .r the form cl an aqueous dispersion the diameter :f the addition polymer particos 
may be from about 50 nanome'ers tc about 10D0 nanometers as measured using a 3'C.okhaven B-90 Particle bize. 
whnh employs a light scattering technique However polymodal parte e size distributions such as those disclosed in 
ye, Pat .ont NJos 4 354 356 and c £39 361 may bo employed anc are within the scope ol 'he present invention 

" When -ne acd ten polymer ,s in the form y an aqueous d spersion the addition po ymer particles may be made- 
up -f -wo er more mutual y in ccmpatib e copoymers These mutually incompatible eooolymcs may be oresem ,r 
various morphological contiqurations such as tor example core she , particles core shell particles w th shell peases 
incomplete y encapsulating the co,e core shell particles with a multiplicity of cores interpenetrating network particles 
mine the like 
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■ ,j '- 1; 'J \'~ 0 0C V' T W"' / it .O ' 0 ut CO .*.'*" : j C : '".Or - Ct V'.C CrcmO' OMTiU'S- 4 CCJ fCi'^ Cf OSO°I n r O iCOC 

reaction vessel a f to bog nr -a ;ho cciymof i/ -0 on 'O-ic! cn 

T-io cc v"*" c r -y-it c r> rOrtOt'cr ' ~ coca' o "To -icdr.-cr oc-yme' ^h^. no r tatoej oy . - r Cw.s '^etr.cas \*x.vn ■ r me iC 

S._^I n i S 'O' O < am C !C Cy ^S^O th~C t k ~C*-m-l CGC O^pOS " C n O f -if -f- * ■ t C r -if d Cy ,.S:rg ir- C X id n t iC n - r 0 CI _j C t ! C '"• rO-.COCn 

•v-rir.< [m-;: r r '' to qerprnin 'me - -idica s "c - ; f-"-rT ?-.<- nmymr*/.a' co r ■ircihr-'- err r, emmort mo -aoct ~n p -Iymor 
•"O-iy re feme "J n the cmsonco r/ oncsch omus-e on*-i nr q o.hrjin Oaf s'e; agon s ?..jch is foi ox,-i''"pt- "yooohespro- 
rous acid a^d ts Sn.'.s as is disc 3500 «n ... 5 P -i'OfiT No 5 077 ;6l so ns to t cor oc r .-to the pho e pre r Ous-c onH ring 
accelerator ar J the pciyaad c err con or- n mo Sm^v -Tie cede 

C ham transfer averts such is mercaptars poiyr-ero -iptans mic naicqen cornpoi.n ds may oo used n '.re poiynrc- 
ou/at on mixture r craci t: mode ate the mc ecu In- \voght of the acry'ic :mu!son cone: lyre Go neraily up to abcul 
1". bv wcichl basea on the- ,vo got of :ho ooiymc nc b "dor of 'c 4 - f:. fjJ allwl men: ripens mer oac tcpiopioni :■ acid or 
esters of mere aptop'CDioni ; acid may bo -scd 

The carooxy crouos ct the p:lya;rc co^-por on? r f the tormaldeoydc-f'oc :ciab c aqueous composition -ire r eu- 
■ : -i i/o J with ti <cc ba ;c I : an e<teo; of ioss tfvm ^jdl' 35 .. Ca.c j ate :j cn .-sn oq _. iv,-i ler ts d^s.s Cc ritnet nq the- ridai'.ior 
DClymor coo:onont oofcic dun-p c -otor :ho cep-i -ilion of tr»: oo^blo nquoous c jinpes t on tnc ^dditior polyror 
co' iteming ':\c cnrb::xvi c n-:;a g- Dup.: -nhydr ;dc groups o iho salts '.hereof aotincjns no utrali/nticn hoi or w-th h 
tixod oh so is te^jiroo pnor to trc-i: nq rt r or woven ':i.b$ f rn'o ricutrHli/filcn of less :ndn r.bcu: J 4 : °- of the c^rcoxyfic 
nciJ groups c.-ilcuiH'oJ on -»r ocjivh orts basis with a *i xc d b-.se s required Nieut'ali/ation of ioss than aboui 2C°< 
of the carbcxy io a: id or cues cai:jlatec on nn oquiv^lcts cas e wi:n * n^ed b-ise is prefened 'Jeut-aSi/alior- o' ess 
thrill at out 5' J :>l the carocxy:ic hciq croups calculated on an ocuivilents tasis with a tixoc base is moro prefoned 
Wor tie naM os'c-r o* a dcarbc*yli: acid or the ann\dnde :f a die -!• boxy i: ac=d is used the oquivaor :s ot acid arc- 
ealouia'Ga :o do ocu.il to :hose o ! :ho eonospordinq dscarboxyi c acid 

"-.xed ta^o" or 'xen^anent casf'" as used heroin refers to a monovalent base which is suts'antial y r on -vol -it le 
unooi the c:ndH ens ui hie t- ealrnenl =uch as ! oi oxan-clo sod-urn liyJioxide p-tabsiurn oyuroxicjx- sodium carbor late 
or i-buiylr.nr omurn hvco>.ide T he fi<ed case ruct be sl 'fie le-dly ncr volatile 'hat o will substantia, y icnvnri in the 
ccrn position du*irg ea'inq and curing oocatiors Vo itiUc cases sum as fo- e< ample ammonia or vc atile lower ,-Hky 
amir es do not function as tho *i> ed base of to i s invent sen out may be usee ir ,-idditon to the nxed base they do met 
ccntr bute :o the rec^-irec degree cf neu-tah/aiion ov a fi<ed base r ixed mjitivalont bases such as for exarro e 
calcium ooconacc '-ray :cnd ccstaoili/c an agucoos dispo r s:on if the iddnon p.-)lymc is used in the 'c-rm o* an 
aquGCLS di&porscn ::u' 'timv oe ^seii ir -Tincr amcum 

The foirr.ildehy -jc-"oc curable aqueous comiposilion i : so contains an act ve hydrogen compcund contairing at 
'cast t\,\o actve hvcrcger groups se'octod from tho grcup ccsisting of l -ydrc»:yl pumary arrir=e seoond-ay amiro 
rinc miixturos thereof The active hydrcgen compound must bo sufficiently niorvolatne that r wil 1 substantially remain 
availacie ; o -oact'cn v-th 'he po«yaac in !^e ccmpos tier c:uro:j he-it:pg ircJ c-c-ng cperauc.ns "he active nycrcger 
compound may be a ccrnpojnd .vith a molecular we cjfr less than aeou t 1 000 bear nq at leas 4 two active nycroger 
grcjps sucn as for o<amoie o*r viene glycel qi>cero pen'aervtnntcl :rime:hy:::l orco-ine soroitol s jocose glucose 
msoronol catccno pyroq-j lol -ilyco.a'.ed ureas 1 a cycle he r -me dio frioncetnanoiam re dieth-tnc am ire irieth- 
ar:l.irrino i-"tc cor.,-! n r ea o.ive p olyols s jch as fcrc<amp.e 5-nyci ox/alkvlar ides such as for oxanp e ■ s i N-di 
( |>-hy droxyethy: i]adioa-^ide as '^ay be oreparec according tc "no teachings of U S Patent \c J 076 Q4 7 hereby 
incorocraied -erein cv 'cference c t may be an add it on poiyrner .vith a molecular weight grea'er trnn about 1 00C 
ccMammq at -east 'wo i:tve hydroeon groups sucn -is -or oxiiTiple polyvinyl a cohel partaily nydrdyzed pc yviny 
acetate and ncnoco yniois or ccpolymers cf hydroxy ethyl ( modi ..isrylatc hydroxypropyi (irietn tac r ylate orretnyh 
r-i r n-z-othyl met h,ac v -ate eirnethy a-mnopr ooyi men,- cry amice ana ire ike 

The race ct 'he numbm of equivalents of carboxy anhydride or sa:ts thereof 'ne polvaod to the number of 
ocoivaicnts cf active nvdroqen n the ,act ve hy drcger compc und s from atou* 1 0C1 to abet " 3 An efxeess of 
oc. ivaients o* carboxy annydnco or salts thereof of the polype id to the equiv-tlcnts of active hydrogen in the active 
:-.\ jrogen compouno isore'oncc The more preferred ratio :f the number ct cq^ivaler ts of :a r bo^y a r hydride or sa ts 
ihe eo' m the poiyacid 'o the numbo? cf eau'vaicn's o f active hvoroceo r, the active hvdroqor coiT-pcund : s *■ o- about 
1 0 1 -c aeon* 1 1 The most preferm-o ratocf the number -cf equ va cnts o" caroo<y anhydride cr salts the oof n the 
oo : vacid tone number of equivalents of active hydrogen m the a cove hydroge r compound is from about 1 0 0 ' o about 

f he fc r ma)dehyde-free curacie acueous comcosition ^ so contains a fi jorebe rate-coma nmq ac ceicatc The ac- 
celerator may bo for example fiuobene add ar alkn'.i metal Muoroborate salt sucn as sodium tetrafiuorcoorate Of 
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potassium tclrafluoroborate a mulh-valenl metal fluorobcralc tall such as calcium lolrafluorobcratc- magnesium 
tc-tiafluofotoiate 01 /inc te'iafluor obouate rind nrninci iurn tetiafluoioborate as well as mixtjros theieof T\ e fluoicb- 
c rate-containing accelerator may bo usee at ,-1 love of f'om about Q 0V »'CMbout 10'\> by weight based on trecombmoc 
weight of the polyacid and the polyol Preferred is a level of fl joroborate-conta nmg accelerator of from about 0 T\j tc 

5 about 5 0 » oy weignt bused on the combined weight of the polya:id urd the polycl Most orof erred is a levei of fluor 
c borate con taming accelerator of from abo ut 0 5 \, to about 2°,, by weight bascc on the combined weight of ;ho pciyacio 
anc the polyol Toe fluoroborato-oontainng accelerator may be used in cornbir ation with phosphorous-containing ac- 
celerators such as for example hypoohosphoroes acid sodium hypophosphite sodium phosphite potassium ohos- 
phito cisdodiurn pyroprosohate tetrasodium pyre -phosphite, sodium tnpclyphosphata potassium tr polypnosphate 

>q anc pr.iassium phosphate as we I as m vujres -hereof When used ir combination tic fli Joroborate-coor.aining acce'- 
erator .- : nd 'he phesphorous-contammg accelerator are unexpectedly efncient such that levels as low as 0 5S> of ohes- 
phcrous-ccntainng accelerator and 0 5* . ot flucroborate-ccntaimng accelerator based on the total wo-ght o f the com- 
position are effect ve in .015110 strength retention 

Th e formaldehyde-free curable aoueous composition may contain in addition tonventional treatment components 

? 5 such as for example em jlsifiers pigments .fillers arv.i-m graticn aids curing agents coalescents. wetting agents 
biocidos pastici/ers. organosiianes anti foaming agents colorants waxes and antioxidants 

Tho forrraldehyde-fiee curable aqueous composition may be prepared by acmix ng the polyacid the active hy- 
drogen compound and the f uoroborate : ontaminq accelerator u sing conventional mixing techniques in another em- 
boeimcnt 1 carboy- or ar hydride-containing adcition polymer aid an act:vc hyd-oqon ccmoound may be oresent in 

-0 t-e same adcition poiymc r which addition polymer wojld contain both carboxyl air ydr de or salts thereof functionality 
anc a :tive hydrogen fjro:ona ty in anther embodiment the salts o ; tho oarbc-xy-group a r e salts of f unctonal a- 
kanolammes with -it east twe hydroxyl groups such as tor example diethanolamine triethanoiarnme dipropano amine 
ancdiasop'Opanolamine Other embodiments will be apparent to one skilled in the art As disclosed nerem-above the 
carboxyi groups of the polyacid may be neutralized to an extent of less than about 35°o with a fixod base before curing. 

-5 or afte' the mixing to provide the aqueous composition Neutralization may be partially effected during the formation 
of the polyac d 

In one embodiment of this invention the formaldehyde-Poo curable aqueous composition may be usee as a binder 
for he-it-reststant nonwovens such as for examole nonwovens which contain heat-resistant fibers sucn as for exam- 
ple ar.-mio f-bers cerarni.. fibers me-.a libers carbon fibers pclyimice fibers certain polyes'ei fiteis rayon ^beis 

30 anc g ! ass fibers Ey "heat-resistant fibers" hereir is meant fibers which a^e substantially unaffected by exposure tc 
tempenateres above about 1 20^C Heat- esistant nonwovens may also contain fibe rs which are net in themselves heat- 
resistant s.ich as for example certain polyester fibers rayon floors nylon fibers and superabsorbent fibers in 30 far 
as they do not materia ly adversely affect the performance of the substrate 

Tnc formaldchydo-frcc curable aqueous composition may bo applied to nonwovens by conventional techniques 

:?s such as. for example air or airless spraying padding saturating, roll coating curtan coating beater deposition co- 
agulation or the like 

The aqueous formaldehyde- ree composition aftc r it is appled to a nonwover >s heated to effect drying and curing 
T-.e duration and temperature ct heating will affect the rate of crying processamiity and handleability and property 
development of the treated substrate heat treatment at about 12CPC tc about 400 3 C 4 or a period of time between 

40 about j seconds :c about * 5 mir uies may be carried out treatment at about 1 5G°C to about 200 5 C is preferred The 
drying and curing functions may oe effected in two or more distinct steps if desired For example the composition may 
oe first ne-ued at a temperature and for a time sufficient to substantially dry but not to substantially cure the composition 
anc then neated 'or a second time at a ugh or tenpe-ature and cr for a longer peuod of time to effect curing Such a 
procedure referred to as "B-stagmg" may be used to provide bincer-tneated nonwoven for example in roll form which 

45 ' T ay at a later stage be cured with or without forming or molding into a particular configuration concurrent will the 
curing process 

The heat-resistant nonwovens may be used for applications such as \o r example insulation batts cr rolls as 
^einfccing mat for roofing or flooring applications as roving as microclass-based substrate for printed crcjit boards 
or battery separators as filter stock as ape stcck and as -emfc rcement scrim in cementitious and non-cementitious 
so coatings fc masonry 

Toe following examples are ntenced to illustrate the formalciehyce-f ree curable aqueous composrion and the use 
thereof as a binder for he -t-nesistant nonwovens The following abbreviations are used herein Sh>P - Sod urn hypo- 
phcspnite NaBF 4 - Sodium tetrafl uoroborate ~EA .-.Triethanoiarnme ppm - parts per million. °o = percent lbs >sq 
ft = pounds per square toot b = oound Comp = comparative Square 1 00 square feet BW ~ Basis weight = pounds/ 
55 sguare Wet tensile strencth = tensile strength after one hour soak in 85 5 C water-nested wet ^.Retention - Wet tens le 
strength Dry tensile strength x100 Mw - molecular weight 
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# 



A - * 



ipc the r ! 'owed tc 'or " - minutes 



; '- oqv^oe^ V r -532 3-3 Pnc^c^r^.c-rc cc \zx\o\ f ~\ 

-J>j. j \Z \'~Q WitC C I '_4 ! C-n A.:- jt ''OO 'C "5 '"^ ! t C "2 

is "wmte a iic F'vc g.-ti ore r whs to •. v -iter a s 



oumcocj mo -i 6 q-i -on st--* mess stoo a-spO'Scr ;.ir n ocs- coca v\ - 1 in r -driven '^\xq< 



vort c i! baf ' 



ct'ZJ do -~ore It'C'C,^ m-xnq s: "Of >ahs Oonco on -i-a 6 2 q of * 4 -cr iona ,h qinss * ocs .v-is -iCdoc 

T h 5 ''Orricd - 2 ^53 flCC 0 SCOr'S C q-.-:5S * CO' CnSOO'S.O^ \.-iS TOr >^ X QQ *Cr 3 m '-,_/.0S ^C'yOSte' 50' - a -.S 

DUmci rr the hcrm--' of i ? mr- ny * 2 <nch square VY ih-irrs snoot moie Tro mn d whs Cir-sorj rrd ^r-/*-tnlorJ wm 
Writer "no st nor -r the cJisnorsicn tar* ahs turnoa ctf A 'to; 30 seconds the w-lvo cr nc dispo r s.on tnnk whs coonoc: 
to cram the glass tibo dispcsion mtc the sheet mold Simult-inoously the dram vnlvc on the sheet moid whs opened 
Wner [no qiass tibo r cisocsion h.-ia dr^nea Vorn the dispe-s on tank nbsorbant enper whs -nsortod -mo the r-o//ie 
to or over: .-my drps 'rem m-r-mq the sreot before the sheet mo d w^s f-ji-y dr-ned The shoe: moid whs ooenezi anc 
the so run wi'm the fcnocl qinss fioer sneet was it tod eff .-ra 'Mnsferea to h screen sta^d ^ho excess watc whs 
vacuumed off with h a f qe wot d-y vacuum clowning cevice ■ 'Snip Vhc"' m wh ch whs fitted with h 14 inch none T he 
binder composition .vhs apci cd with h perforated 'urine! maintain nq h gentle flow so that the libers were riot disturbed 
T-c excess binder composition whs vncuumed off After one stroke whs made the class 1 ber shoe' whs tin nog Q C 
decrees n-d another stroke whs performed This w^s cailcrj -no 'treated' qi^ss r-bor sheet Tnc t ented glass t ber 
sheet wh s then tr.Hns ; C' r ed :o nncther piece of s:nm to prevent sticking to the first senm The qinss fiber sheet whs 
then d-'Cd and cjroc for 3 minutes nt i-0'2 <n h men volume Werrer-Mathis even T^e targe - 'ess on onmcn wns 
22"'« H--d C' 5 lbs 100 so f: ohsis weight 

Exampe 2 - Preparation of Binder Composition with F ucbonc Acid 

To 50 "1 grams ot polya:rylic aco ■ 4b '<■■ iMw ° 000) a is aiided 7 10 grams tnetnanolamine J 62 grams 

Muctoric ncia - 4B'' 14 h3 ^rams [1 3 l .,j Dow Cornmq Z-6240 silane [optional depending on qlass fiber use 3 anc 
227 24 grams wate' Tus mixture conta ns I J\. active ngredionts rail components other than water; with 3 pH about 
3 0 anc 5 ;ps viscos-i.y > Biuok f iclc LVF » 1 spindle at 60 rpm j Thebnder yvas aopliec hS Jescr bee in Example 1 

Examp c 3- Q - Preparntion of Qtner Acid Containing Bmder Compositions 

Snrnp-es 3-9 an J comparative A were prepared acc or Jmq tc Example 2 with the mg'ecient amounts nsted in T r \t\e 
1 The omccr was top cd as described in Example 1 

Table 1 



Example 


'J rams Fr-lynC d 


Grams TEA 


Grams Accelerator 


Grams 3 lare ' 1 O'ha 


Grams Wate' 


Comp A 


z 3 5 6 


7 56 


None 




240 45 




53 56 


7 56 


'1 36 p -toll. one sulfonic 
,-iCid) 


* 6 42 


:'30 15 


4 




7 n^, 


0 59 p -toluene sulfonic 
.-icid] 


'c 42 


231 ! -*5 


c, 


: :]i 56 


7 56 


17 5i 5"<> i i Boric ho id) 


'6 23 


201 73 


6i 


5 : j » St. 


7 5-6 


'j 47<50"«. :> 

• Hypophosoho'ous acid) 


-5 01 


2*3 23 


7 


.: 3 56 


7 56 


3 09(10 0 ,! oi (Oxalic acid. 


"6 42 


22° 4 3 




50 62' 


7 15 


2 49 43 v 'o i .• Hyoobrorr ic 

H C : d j 


-5 5 


236 33 


C4 


5 3 56 




1 1 (E5 f -.»- ; Phosphoric 
Heidi 


' 6> 2 


221 55 



Examples 2-- -md ccmcara! i ve o>Hmp'e A were tested f c dry tensi'O strength h^o wet te°s so strength- Hcoordmc 
to the folic win q methods the cured sheet was c^t .nto 1 men cy 4 inch strips Strips were tested for d"y tensile sttencth 
by piaeoq thorn - to jaws cf h Thw r --Alt or t weiect 500 tensile teste r Samp es vere Dulled apn-i nt h crosshonc 
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Tab.e 2 



Ixarrp e 



Comp A 



Accelerator 



None 



Fluobonc ac d 



p-Tolucne sulfonic actd 



p-Tolucne sulfonic acid 



Bone acid 



Hyoophcsphonc acid 



Ox- 



hypobromic acid 



Phosphoric acid 



1 0 



0 3 

1 0 
3 6 



Dry Tensile lb- inch 



7 0 
-0 5 



'0 7 



3 3 



3 0 



9 9 



Wet Tensile tbinch 



5 0 



Retention W<D>.100 



17 0 



57 5 



0 

3 a 



■ Q 
' 0 



35 5 



I q 4 



10 1 



This data demonstrates that fUobonc acd leads to a nigh level of crosslink,^ in the tes: system under the stateo 
cure conditions No co-relation to acid strength was cbse-ved 

Exampn 10 - Preparation of binder with Fluoroborate Sodium Salt 

° g rodlnts , : a pH about 3 0 and 8 cps vscoshy "he o.ndo, was applied as described .n Example 1 
Exampos - 1-1 3 - Preparation ol Bmdeis with Other F luorooorate Salts 

Sarnp.es 1 1 -1 3 and compara. ves B and C were prepared according to Example , 0 with the .ngred.erv amounts 
listed ir Table 3 



Example 
Comp B 


Grams Polyac d 
50.11 


Grams TEA 
7 07 


Grams Accelerator 
None 


Grams Silare (1 0%) 
-4 77 


Grams Wate r 
225 02 


Comp C 


50 11 


7 37 


1 41 Sodium 
hypophosphite 


'5 35 


234 7^ 


r 


50 11 


7 10 


0 54 '9c°c ) (potassium 
fluorobcrate) 


-5 25 


234 13 


12 


50 11 


7 10 


3 5(40 c >) (/mc 
fluoroborate ] 


-5 25 


230 03 


13 


50 11 


7 10 


1 4-:97Vi (ammonium 
fluoroborate) 


"5 25 


232 13 



Examples 10-13 and comparative examples B and C weie tested to- cry rensne ™ 
according to the methods ahove "he retention was calculated The results are shown n Table 4 
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r < -i f> " c o 


A:;c-.C- V.Cf 


— 




Wo: 'o-s.-o c -'cr 


-CO-" Cn W Cx^Od 


" m c 3 


* _ ' 'J 














3 5 


- : 3 




03 1 




:ci'^"li..c.'ocGM".e 






= ,j 






c O*<-iS5iUm 

lev ifijcrcCGr -j-o 










1 2 












1 3 


Am men jin 
ICVrif hjc rotor a*. e 


4 6 




a 1 


46 6 



This data cicmensUatOB thril efferent tetra fi uoroborates give significantly tetter wet s:renat n r otO"it'Oi cordon roc 
to tne system wuhcut -iccciorator and thai tne -otorvjor. with the sodium mrr .-ifluorobcalc :s s ;g n, !y holier th-in the 
etnor lotrnf uoroDG - ate iaits 

so 

Exnmpc 14 - Effoc of Accoier ,-iter Level or The -orfo-m -ir ce Of SHP vs Na3F 4 

A 0 25 " , SHP To 50 11 grams polymer yhc ac d f *C 00C Mwi was added 7 C7 grams tnetnanoiamine 0 090 grans 
scdium hypooh oscnitc 1 4 73 grams Cow Ccrr.nq Z-5040 silane ' 1 0'''... and 224 Q 7 grams water The rupture con- 
— [r-. nod 1 Co active inqredierts witn a pH about 3 C and E cps viscosity The birder was applied ns described in Example 1 

B 0 25 ( \ NaBf- 4 To 5C n grams oolyacryhc acid ■ -0 000 Mwi was added 7 07 grams trethoiamme 0 (-75 grans 
scdium tluoroborate 14 crams uc.v Corning Z-60'40 silane [1 Co) and 224 a / grams water The mixture :on:atned 
1C«. act=ve mqredierr.s witn a pH aboj* 3 0 and 3 cps viscosity The binder was app icd as described =n E<ample 1 

Examples 0-K and Comparative D were prepare; the same as aoove except for the amounts nsted ir Taole 5 

JO 

Table 5 



Example 


Grams ^o : yac d 


Gram 3- SEA 


UHfTIS 


".•> ■ on s :Tds \ 


Grams Silane ! 


Grams Wate- 








Accelerator 




! 1 




Come D 


50 1 1 


' '■. 7 


0 




14 75 


224 ^7 


14 0 


50 11 


i e 1 / 


|) 'efSHP) 


0 5 


14 5 


226 Ga 


14-: 


5e' 1 1 


7 _ : 7 


0 15-MaBF 4 i 


0 f 


14 5 


226 99 


14-- 


52' 11 


7 . 7 


0 36* SHP) 


1 M 


14 9 


0"'6 


14-- 


52' 1 1 


7 07 


0 3(NriBF 4 i 


1 o 


1 4 9 


226 E 0 


1 4-G 


5: 11 




0 72! ShPj 




1 5 0 


"" j z . 


14 H 


o: 11 


> ',' / 


0 6iNhBF 4 j 


2 L 


1 5 0 


• 1 5 


14-1 


5: 11 


/ J / 


1 0r:(SHP; 


3 L 




222 0 


1 4-J 


51 11 


f J / 


0 Q 'NaBF 4 t 




1 5 c. 


232 C 


14-*. 


50 i 1 


> U / 


1 42 1 SHPj 


4 C 




J Q Q 



50 Examples 14 - A ■ * arid conrparat ve example D worn tested for dry tens le strength wet tensHe strength according 

to the methods above I'hc " .. retention was calculated 1 he results are shown in table £ 



iaDij 6 



-xamole 


Accelcaor 




Dry ^ensile b inch 


Wet Ten si e ib inch 


".. detention W D*i00 


"Ocr-np D 












A 


SHP 


0 25 


1 1 i 


1 3 


1 1 7 
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Dry Tors lie b^nch 



Wot Tons! o lb/ inch 



=totonti on W'DxlQO 



K 



SHP 



40 



13 5 



7 5 



72 5 



Thls « -ha, wh,, SHP c„vos h.oh«, retention a, higher use levels .ho NaBF 4 c,ear,y Ms h, Q her 
retention nl lowe' use ovols 

Examp.e 1 5 - Comparison o' SHP vs NaRF4 at Two Temperatures 

Binder solut.ons were prepared as described for Compaq ,8 and C and Examples J^^^^^ 
solut.ons were app.ied to g ass doer substrate as cesenbed n E^mple 1_ Hal of the >^f~™ comparative 

retention was calculated The results are shown in Table 7 



Example 


Accelerator 


o _ 


D"v Tens 

-S0 3 C 
Cure 


le lb/ inch 

19PC 
Cjrg 


We f . Tensi 

iao°c 

Cure 


le b/inch 

190'C 
C ure 


°o Retentio 

130 3 C 
Cure 


n W/Dx'OO 

1Q0 3 C 
Cure 


Como B 


None 


0 


9 9 


12 3 


0 2 


2.0 


2 0 


16 4 


Comp C 


SHP 


3 3 


11 7 


10 e 


30 


7 2 


25 3 


66 4 


l5- r 


NaBF 4 


1.0 


10 2 


10 3 


2 2 


5.9 


2"6 


54 3 


15-H 


NaBF, 


2.0 


8 5 


116 


1 3 


5 9 


2' 2 


50 3 



These data demonstrate that sodium tetraUorcoorate 3 ,ves comparable retention a, a lower temperature ano 
lewer use levels than with SHP 

Fxampe 16 - Th.^ Effect o" SHP NaBFj, Com binations 

B.ndor solutions ot SHP anchor NaBF4 were prepared *nd b enced according to tno amour ts Hstod m Tab-e 8 

Table 8 



Example 



16 -A 



16-3 



Grams Polyac d 



50 11 



16-C 



50 11 



50 11 



Grams TEA 



' 07 



Grams Accelerator 



0 1 3 (sodum 
hypophospnite 



7 07 



7 07 



0 15 . sodium fluoroborate) 



0.36 ! sodum 
hypophospnite 



Grams Silare (1 0° 



Grams Water 



'4 8 



'4 8 



'4 9 



226 99 



226 89 
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Ov.-m-s Acce O'-i'-C 


m -v^s 5 ,-oe ' _ 


:v W-/.0- 










■ a o 










SO G : l. m '"jOXOC'^'O ■ 


-4 -2 





E>amcies " c A - E .\C'Q testea 'c- cw to-s.o sfongtr .vet tons, e strength acccramq to the metroes a cove 
'Oic-rliOr :-..c^.atec 'no 'OSu;'s ire snow" n ""acio a 

T abie ° 



E:< imoic 


A:c olerator 




Lu\ "son sue <c .ncn 


Wet TonsiiC :b .n;r 


. ^otonton W DxlOO 


-5A 




0 5 


10 0 


2 G 


24 5 


-5B 


NhBF 4 


0 5 


10 3 


5 5 


- i 


" nT, 


^ M P 


1 C 


1 - ^ 


4 ~ 


45 7 


•5D 


'jhBF 4 




- 4 


5 4 


57 5 


■6E 


3 HP' NaBF_ 


0 5 0 5 


L 7 




75 3 



This data demonstrates that the combination of socium tetrafluoroboratc and sodium hyooonospr ite accelerators 
is unexoecedly efficient wnen compared with o trci accelerator a! one 



Claims 

1. A formaldeh\ de-free curable aqueous composition comprising 

\h) a potyacid comprising at ieast two carboxy ic acid groups anhydride groups or salts cf the oolyacid thereof 
ibi r=n active hydrogen compound containing at least two active hyd'oqen groups selected 'Tom the group 
consisting o f hydroxy! primary amino secondary ammo and mixtures tnereof and 

fci a flue-rot orate accelerator wherein the r atio of the number of equivalent of said carboxy'ic hc a g-oups 
annydnce groups or salts thereot to the number of equivalents of saic active hydrogen groups is from 1*0 01 
to about 1 2 and wnereir said carboxylic acid groups anhxdude groups or salts thereof are neutralized tc 
an extort of less tnan 35"<> with a fixed base 

2. The formaldchydo-lree curable aquoous- composition cf claim 1 .vfie'cm said polyacid is a polymeric nc 0 

3. The formaldehyde -f roe curable aqueous compos lion cf claim 1 A/hcmm said active hycroqen compound is a hy- 
dmxyiam ino 

4. T hc formaldehyde free curable aqueous compos tic of claim 1 'urthcr cornprismq a phcGphor cont ummq ac 
c c I d ra t o r 

5. A method foi cunnq fcrmaldohydo-froo ooiyaods compus:nq 

•a? forming a forma dehyde-f ree c-j'able aquecus comocsiticn comprising acmixinc 

1 1 i n polyacid romrnsmn at least f wo earbo><yi ! c acid qmops anhydride g roups or sails tnereof 
,2i rn active hydrogen compound containing a: 'east two active hydrogen groups seiect?d ' r om the group 
consisting ot hydroxy pr mar y ammo secondary -rnnno and mixtures thereof anc 
■ 3i r- fluoroborate accelerator therein the r -no o f the number of equivalents of sa;d c-irtoxyiic acid g-oups 
annvcKde groups or salts tnereof :c the r umber of eqjivaients cf said active rydroqen groucs <s from 
f 0 0i to aoout 1 3 and wherein said carboxy'ic add qrcuos anhydride groucs or salts thereof are neu- 
tralized to an e-ton* cf : css than 35 ' with a f >ed case and 
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,b, heating sa d fcrmaldohyde-free cu.able aqueous compos,! on .1 a temperature ol Horn 120=C to 4C0'C 

6. The method ot da m 0 who, en saic polyac d is a polymeric po'yacid 

7. The method of :1a m £ who.on saic active nydroqen compound is a hydrcxylam.ro 

8. A method fo, boncinq glass f.bor heat-resislant nonwovens w.th a formaldehyde-free bnde- comprising 

,h. forming a formaldehyde-free cmable aqueous comoosmon comprising admw.nc 

1 1 I a polyacd compnsinq at least two carboxyhc add groups, anhydride groups or sails thereof 
,2) an active hydrogen compound containing a: least two active hydrogen groups selected from the group 
consisting of hydroxy pr rrary ammo secondary amino and mixtures thereof anc 
3, a i oroborate accelerator .herein the ratio of the number o, equivalents of sad carboxyhc acid g'oups 
anhydride groups or salts thereof to the rumber of equivalents of said active hydrogen giouos is from 
10 01 lo about 1 3 and wherein said carboxyhc aeid grouos anhydride groups or salts thereol are neu- 
tralized to an extent of less than 35°o with a fixed oase and 

,b, contacting said Qlass . ber heat-esistant nonwoven with said formalcehyde-frcc curable aqueous compo- 

S it KDn rind , , f _ ^nsr > n 

(O heating sa.d formaldehyde-free curable aqueous compos.t.on at a temperature of f-.m 1,0 .„ to -00 . 

9. The method ot cia m 5 wherein saic poiyacd is a polymeric acid 

10. The method of cla m 5 wherein saic active nydrogen compound is a hydrcxylamir e 
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(54) A formaldehyde-free accelerated cure aqueous composition for bonding glass fiber-heat 
resistant nonwovens 



(57) A formaldehyde free curable aqueous ccmpo 
sition comprising 

(a) a polyacid comprising at least two ca-boxyiic ac- 
id grouos anhydride g-o.jps or sa ts of tne polyac d 
thereof 

(b) an active hydrogen comoound containing at 
least two act ve hydrogen groups selected f^om the 
grcup consisting of hyd'oxyl. primary ammo sec- 
ondary ammo and mixtures thereof and 



(c) a fluorotorate accelerator wherein the ratio of 
the number o ; equivalents of said carboxylic acio 
groups anhydride groups or salts thereof to the 
number of equivalents ol sad hycroxyl groups is 
from 10 01 to about 1/3 and wherein sad carbcx- 
y lie acid groups, anhydride groups or sa ts thereof 
are neutralized to an ex:ent of less than 35% with a 
fixed base is disclosed A method for curing formal- 
dehyde-free polyac ds and a method for bonding 
glass fiber heat-resistant nonwovers w th a formal- 
dehyde-free binder are further disc osed 
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